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57 ABSTRACT 

Arecovery system for a power supply. The inventive system 
includes a first circuit which detects areapplication of wall 
power to the power supply and generates a signalin response 
thereto after an interruption in the output thereof. A second 
circuit then automatically reactivates the power supply on 
receipt of the signal without operator intervention. The 
invention is particularly well suited for systems having 
multiple power supplies each operating within an associated 
power boundary. In this case, a first power supply provides 
power to a first load and a second power supply provides 
power to a second load. A control circuit is provided in each 
load. The control circuit is equipped to receive the signal 
indicating areapplication of power to a power supply within 
another power boundary and automatically reactivate the 
power supply. 

3 Claims, 4 Drawing Sheets 
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1. 

POWER SUPPLY WITH AUTOMATC 
RECOVERY SYSTEM 

This is a continuation of application Ser. No. 07/950,626, 
filed Sep. 23, 1992, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to power supplies. More 

specifically, the present invention relates to fault detection 
and recovery in power supplies. 
While the present invention is described herein with 

reference to illustrative embodiments for particular 
applications, it should be understood that the invention is not 
limited thereto. Those having ordinary skill in the art and 
access to the teachings provided herein will recognize 
additional modifications, applications, and embodiments 
within the scope thereof and additional fields in which the 
present invention would be of significant utility. 

2. Description of the Related Art 
Electrical power supplies are subject to shutdown due to 

an external interruption in the supply of raw power or an 
internal component failure (within the supply) or a power 
line disturbance. For certain applications, e.g., disk control 
for large mainframes, redundant power supplies are used to 
provide power in the event of a shutdown of a primary 
power supply. In these redundant systems, each power 
supply provides power to circuits within a given power 
boundary. The term power boundary is used in the art to 
denote those circuits powered by a given power supply. A 
monitoring unit (typically a microprocessor) within each 
boundary monitors a line from a power supply across or 
outside the boundary for a power fault interrupt signal. This 
signal indicates that the power supply outside the boundary 
has shut down or is otherwise unable to supply power. In 
addition, the microprocessor receiving the alert reports the 
failed component and generates a service call. The moni 
toring unit will periodically generate the service request call 
until the condition is cleared. 

Typically, line power is ultimately restored and/or a 
repairman effects the necessary repairs. In any event, it is 
also typically necessary for a repairman to manually power 
up the affected power supply to overcome the inherent safety 
mechanisms thereof. 

After the repair is effected and the failed power supply is 
powered-up, the failed power supply has to be returned to 
service. The repairman generally has to signal the reporting 
microprocessor that the repair has been effected, whereupon 
the reporting microprocessor then cances the service 
request and discontinues service across the boundary. 
Unfortunately, the manual power-up operation is generally 
time consuming. In addition, if and when the repairman fails 
to clear the service call request condition of the nonaffected 
monitoring unit, a return visit for this sole purpose may be 
required. 
Thus, there has been a need in the art for a system and 

technique for detecting repair of a failed power supply or the 
restoration of power thereto and for automatically powering 
up the failed power supply without operator intervention. 

SUMMARY OF THE INVENTON 

The need in the artis addressed by the present invention 
which provides a recovery system for a power supply. The 
inventive system includes a first circuit which detects a 
reapplication of (wall) power to the power supply and 
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2 
generates a signal in response thereto after an interruption in 
the output of the power supply. A second circuit then 
automatically reactivates the power supply on receipt of the 
signal without operator intervention. 
The invention is particularly well suited for systems 

having multiple power supplies each operating within an 
associated power boundary. In this case, a first power supply 
provides power to a first load and a second power supply 
provides power to a second load. A control circuit is pro 
vided in each load. Each control circuit is equipped to 
receive the signal indicating a reapplication of power to a 
power supply within another power boundary and automati 
cally reactivate the power supply. 

In any event, the present invention provides a system and 
technique for detecting repair of a failed power supply or the 
restoration of power thereto and for automatically powering 
up the shut down power supply without operator interven 
tion. 

BRIEF DESCRIPTION OF THE DRAWNGS 

FIG. 1 illustrates a typical conventional system with two 
primary power supplies and associated fault detection cir 
cuits. 

FIG. 2 is a block diagram of the improved power supply 
with automatic recovery system of the present invention. 

FIG. 3 is a simplified block diagram of the primary AC 
control system of the improved power supply with automatic 
recovery system of the present invention. 

FIG. 4 is a flow diagram illustrating the operation of the 
improved power supply with automatic recovery system of 
the present invention. 

DESCRIPTION OF THE INVENTION 

Illustrative embodiments and exemplary applications will 
now be described with reference to the accompanying 
drawings to disclose the advantageous teachings of the 
present invention. 

FIG. 1 illustrates a typical conventional system 10' with 
two primary power supplies and associated fault detection 
circuits 16' and 18 respectively. Each primary power supply 
12' and 14 typically provides DC power to an associated 
load 20' and 22, respectively. The first primary power 
supply 12 with its associated fault detection circuit 16" and 
load 20' are disposed within a first power boundary 24. The 
second power supply 14' with its associated fault detection 
circuit 18' and load 22 are disposed within a second power 
boundary 26 Each power supply typically receives wall 
power via a three phase line shown as line 1 and line 2. 
When wall power is interrupted or one of the power supplies 
is defective, DC power is interrupted to the associated load 
and the effected power supply is disabled or shut down by 
internal relays. The associated fault detection circuit gener 
ates an interrupt to a controller (not shown) disposed at the 
load across the power boundary. The controller receiving the 
interrupt then generates a service call signal. 
When the fault is in the power supply, a repairman is 

typically dispatched to the site to effect the necessary 
repairs. On completion of the repairs, the repairman must 
remember to clear the service call request condition of the 
nonaffected supply and reactivate the disabled power supply. 
Unfortunately, the repairman may neglect to reset the service 
call condition necessitating a costly return visit. 

In addition, when the interrupt is generated due to a 
discontinuation of wall power of a minimal predetermined 
duration, a visit by a repairman or a system operator is 
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typically required for the sole purpose of reactivating the 
effected power supply. As mentioned above, this is costly. 
Thus, there has been a need in the art for an improved power 
supply capable of automatic recovery in the event of an 
interruption in wall power. 
The present invention addresses the need in the art by 

providing a recovery system for a power supply. The inven 
tive system includes a first circuit which detects a reappli 
cation of wall power to the power supply and generates a 
signal in response thereto after an interruption in the output 
of the power supply. A second circuit then automatically 
reactivates the power supply on receipt of the signal without 
operator intervention. 
The invention is particularly well suited for systems 

having multiple power supplies each operating within an 
associated power boundary. In this case, a first power supply 
provides power to a first load and a second power supply 
provides power to a second load. A control circuit is pro 
vided in each load. The control circuit is equipped to receive 
the signal indicating a reapplication of power to a power 
supply within another power boundary and automatically 
reactivate the power supply. 

FIG. 2 is a block diagram of the improved power supply 
with automatic recovery system of the present invention. 
The system 10 includes first and second identical primary 
AC control systems 12 and 14 disposed within first and 
second power boundaries 11 and 13, respectively. 

FIG. 3 is a simplified block diagram of the primary AC 
control systems 12 and 14. In accordance with the present 
teachings, the primary AC control system includes a first 
circuit breaker 36 which provides over-current protection for 
a first three phase power line (wall power). Two phases from 
the input three phase line are also input to a second circuit 
breaker 38. The second circuit breaker 38 provides over 
current protection for a low voltage (e.g., 26 volt) power 
supply 40 of conventional design. In the illustrative 
embodiment, the low voltage power supply 40 provides a 26 
volt DC output signal hereinafter designated as "control 
voltage present" whenever three-phase wall power is sup 
plied. 

Each primary control system 12, 14 further includes a 
relay 42 having a set of primary contacts 44 which transfer 
the three phase input power from the circuit breaker 36 to 
first and second output terminals 46 and 48, respectively on 
the application of power to the relay winding 50. A second 
ary contact 52 provides latch current for the relay winding 
50 on the activation thereof. The first terminal block 46 
provides power to a plurality of AC to DC converters as 
discussed more fully below. The second terminal block 48 
provides power to cooling fans as is common in the art. A 
third terminal block 54 provides for communication of 
"HOLD", "RTN" (return), “PICK” (turn-on power supply) 
and "VDC" (control voltage present) signals. 
The momentary application of power to the PICK line 

activates the winding and causes the primary and secondary 
contacts to close. In addition to transferring power from the 
circuit breaker 36 to the first and second terminal blocks 46 
and 48, the closing of the secondary contact 52 applies a 
steady state latching current to the winding 50 from an 
external supply via a host computer interface and the HOLD 
line. 

Returning to FIG. 2, within each power boundary 11, 13, 
the three phase outputs of each power system 12 and 14 are 
connected to a plurality of DC supplies 15, 17 and 19. The 
DC supplies 15, 17 and 19 include an AC control box 16, 18 
and 20, respectively, which provides power conditioning and 
Switching in a conventional manner to an associated AC to 
DC converter 22, 24 and 26, respectively. The base DC 
supply is an AC to DC converter which provides power to 
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4 
a microprocessor 30 within the respective power boundary. 
The cache DC supply 24 is an AC to DC converter which 
supplies power to a first (cache) memory 32 while the NVS 
(nonvolatile) supply 26 is an AC to DC converter which 
supplies power for a nonvolatile memory 34. 
The microprocessor 30 includes registers (not shown) for 

the receipt of interrupts which indicate a power fault in the 
three DC supplies. In addition, the microprocessor 30 
includes a register (not shown) which receives the control 
voltage present signal from the primary AC control system 
across the power boundary. For example, within the power 
boundary 11 of the first primary AC control system 12, the 
microprocessor 30 is connected to receive the control volt 
age present signal from the second primary AC control 
system 14. Similarly, each microprocessor 30 returns a 
PICK signal across the power boundary 11, 13 to the remote 
primary AC control system. As discussed above, after an 
interruption in the supply of power, the PICK signal from a 
microprocessor 30 in the unaffected power boundary (e.g., 
11) commands the relay 50 of the primary AC control system 
in the affected power boundary (e.g., 13) to energize thereby 
reactivating the affected power supply after an interruption 
of power supplied thereby. (See FIG. 3). 

FIG. 4 is a flow diagram illustrating the operation of the 
improved power supply with automatic recovery system of 
the present invention. 
The illustrative method of the present invention begins at 

step 102 with the initialization of the threshold measure 
ment. At this point, a microprocessor 30 within a boundary 
is set to monitor for power faults in the other power 
boundary (step 104). If a fault is detected, the system 
increments a check counter (step 106) and checks whether 
the threshold for these faults has been exceeded (step 108). 
If so, at step 110, the system resets the check counter and 
requests a service call. Now the microprocessor 30 no longer 
monitors for power faults (in the affected power supplies) 
and is setto monitor for power restoration (“Control Voltage 
Present" in FIG. 2 in the case that wall (utility) power was 
lost) at step 112. When power restoration is detected, power 
sequencing is initiated automatically (step 114). At step 116, 
the system checks to determine if the “power on" sequence 
was successfully initiated. If so, at step 120 service requests 
are canceled and the system returns to the starting point 102 
in order to monitor for new powerfaults. If not, at step 118, 
a service call is made. Thus, the inventive method not only 
detects a loss of power to the second load, but also detects 
restoration of power to the input of a power supply across a 
power boundary. The invention provides a system by which 
an optimal response to a given power line disturbance (viz., 
whether or not to request a service call) is predetermined via 
software control. 

Thus, the present invention has been described herein 
with reference to a particular embodiment for a particular 
application. Those having ordinary skill in the art and access 
to the present teachings will recognize additional modifica 
tions applications and embodiments within the scope 
thereof. 

It is therefore intended by the appended claims to cover 
any and all such applications, modifications and embodi 
ments within the scope of the present invention. 

Accordingly, 
What is claimed is: 
1. An improved power supply comprising: 
first means for supplying power to a first load within a first 
power boundary; 

second means for supplying power to a second load 
within a second power boundary; 

third means located within said first power boundary for 
detecting an interruption in power supplied by said first 
means and for providing a first signal in response 
thereto; 
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fourth means connected within said second power bound 
ary and responsive to said first signal for detecting a 
reapplication of power to said first means after an 
interruption in the supply of power by said first means 
and providing a second signal in response thereto; 

fifth means located within said first power boundary for 
reactivating said first means in response to said second 
signal; 

sixth means located within said second power boundary 
for detecting an interruption in power supplied by said 
second means and for providing a third signal in 
response thereto; 

seventh means connected within said first power bound 
ary and responsive to said third signal for detecting a 
reapplication of power to said second means after an 
interruption in the supply of power by said second 
means and providing a fourth signal in response 
thereto; and 

eighth means located within said second power boundary 
for reactivating said second means in response to said 
fourth signal. 

2. An improved power supply comprising: 
first means for supplying power to a first load within a first 
power boundary; 

Second means for supplying power to a second load 
within a second power boundary; 

third means located within said first power boundary for 
detecting an interruption in power supplied by said first 
means and for providing a first signal in response 
thereto; 
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6 
fourth means connected within said second power bound 

ary and responsive to said first signal for detecting a 
reapplication of power to said first means after an 
interruption in the supply of power by said first means 
and providing a second signal in response thereto; and 

fifth means located within said first power boundary for 
reactivating said first means in response to said second 
Signal. 

3. A power supply comprising: 
first control means for selectively applying power from a 

first source to a first power supply and for supplying a 
first signal on receipt of power from said first source; 

second control means for selectively applying power from 
a second source to a second power supply and for 
Supplying a second signal on receipt of power from said 
second source; 

third control means powered by said first power supply 
for reactivating said second control means in response 
to said second signal after an interruption in the supply 
of power to said second control means; and 

fourth control means powered by said second power 
supply for reactivating said first control means in 
response to said first signal after an interruption in the 
Supply of power to said first control means. 
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